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essential oils, is well known for its antimicrobial activity (Lu et al., 2011; Mascheroni etfor 10 minutes under continuous stirring at 1100 rpm and further cooled at roomtemperature. The final pH of these caseinates-glycerol solutions was 6.95. 115
Furthermore, carvacrol was added at 10 wt% resulting in a final protein:carvacrol ratio 116 1:0.10, with homogenization for 3 min at 1100 rpm. The pH of these solutions was 117 between 5.35 and 5.40. Finally, ultrasonic degasification at room temperature was 118 applied to all solutions to eliminate foams and air bubbles. 119
Films were prepared by taking 30 mL of these solutions into 15-cm diameter 120 polyethylene Petri dish containers (Distrilab S.L., Cartagena, Spain). They were 121 conditioned at 25 ± 2 ºC and 50% constant relative humidity (RH) in a Dycometal-122 CM81 climatic test chamber (Barcelona, Spain) for 48 h. 123
The average thickness of films was measured with a Digimatic Micrometer 124
Series 293 MDC-Lite (Mitutoyo, Japan) ± 0.001 mm at ten random positions over the 125 film surface. 126 127
Characterization 128
Thermogravimetric analysis (TGA) tests were carried out by using a TGA/SDTA 129 851 Mettler Toledo thermal analyzer (Schwarzenbach, Switzerland). Samples weighing 130 around 5-10 mg were heated from room temperature to 700 ºC at 10º C min -1 under 131 nitrogen atmosphere (50 mL min -1 ) and from 700 ºC to 900 ºC at the same heating rate 132 under oxygen atmosphere (50 mL min -1 ) with the aim of determining the inorganic 133 residue in each formulation. The initial degradation temperature (T 0 ) was calculated atusing 128 scans and 4 cm -1 resolution. A blank spectrum was obtained before each 142 test to compensate the humidity effect and the presence of carbon dioxide in the air by 143 spectra subtraction. 144 Samples surfaces were observed by an optical microscopy (Olympus BH2-UMA 145 Microscope), with no further preparation, by ordinary light. 146
Scanning electronic microscopy (SEM) surface and cross section tests were 147 carried out with a JEOL JSM-840 microscope (Jeol USA Inc., Peabody, USA), 148 operated at 10 kV. 10 x 10 mm 2 samples were cut and coated with gold layer (10-25 149 nm) prior to analysis in order to increase their electrical conductivity. Images were 150 registered at 1000x magnification. 151
Tensile tests were carried out at room temperature and 50% RH by using a 
RESULTS AND DISCUSSION 160
Transparent SC and CC edible films were successfully obtained by following the 161 above-described procedure. No apparent differences in transparency and colour can 162 be reported for samples containing carvacrol after comparison with the non-active 163 counterparts (Figure 1 ). However, samples containing carvacrol showed a slightly 164 characteristic oregano odor. Average thicknesses were 88 ± 16 µm for SC and 103 ± 165 11µm for CC films. 166 Table 1 and 2 summarize the TGA results for the SC and CC edible films,  169 respectively. Pure SC and CC showed similar degradation patterns, with two main 170 thermal events. The first one was observed around 120-140 ºC corresponding to the 171 evaporation of absorbed and bound water in caseinates structure. The second stage 172 was associated to their degradation and it was observed from 189 ºC (T 0 ) for SC and 173 198 ºC (T 0 ) for CC, reaching T max at 330 ºC and 338 ºC, respectively. The residue at 174 700 ºC was around 25% in both cases. 175
Pure glycerol showed a single degradation step, with T 0 146 ºC and T max 269 ºC. 176
No residue at 700 ºC was observed. On the other hand, carvacrol degraded in two 177 steps, with T max at 92 ºC and 208 ºC. The residual waste after degradation at 700 ºC 178 was negligible. 179
In general terms, TGA curves for films showed more than one degradation step. 
Raw materials 213
Molecular interactions in blends were studied by obtaining their FTIR spectra. 214
The analysis of films obtained from raw materials was performed and results for 215 glycerol and carvacrol as well as for SC and CC in powder form are shown in Figure 3 . 216
The spectrum for glycerol (Figure 3a) shows the typical bands for alcohols, with the 217 stretching absorption associated with the hydroxyl groups (-OH) in the 3600-3000 cm , respectively (Pretsch, 2001) . 225
The spectrum for carvacrol ( Figure 3b ) also showed wide stretching absorption 226 bands associated to the -OH stretching region from 3650 to 3100 cm were also assigned. Finally, the aromatic C=C stretching was identified at 800 cm , 2012) . Therefore, in order to 285 obtain a qualitative assessment of the effect of glycerol concentration on these films, 286 the relationship between of the areas of amida I peak (1630 nm) and the primary 287 alcohol peak (1030 nm), was then calculated as amide I: alcohol 1º. Therefore, by 288 comparing results of amide I: alcohol 1º ratio shown in Table 3 , it could be concluded 289 that it increased with the concentration of glycerol in both matrices, corroborating the 290 interactions between glycerol and caseinates. Similar results were described for blends 291 of α-and β-casein with tea polyphenols (Hasni et al., 2011) . Figure 4c shows the 292 spectra of carvacrol active films. As expected from the pure CRV spectrum (Figure 3b) , 293 formulations with this additive showed a strong wide band for O-H stretching in the 294 3600-3100 cm -1 region, as well as a multiband pattern in the 3100-2800 cm -1 range, 295 overlapping with OH-and NH-stretching bands of caseinates and glycerol. However, 296 some slight differences in a band centered at approximately 3300 cm -1 were noted, 297 since its intensity was lower with the addition of carvacrol to both caseinates. This 298 result suggests a reduction in the hydrophilic character of films. Similar results were 299 found after the addition of tung oil to SC films (Pereda et al., 2010) . 300 Other significant differences in FTIR spectra for films with and without CRV 301 could be observed in the 1200-600 cm -1 region (Figure 4 d) , where several peaks were 302 detected in samples with carvacrol corresponding to phenolic bonds. Their presence 303
gives an indication of the effective incorporation of the active additive to the biopolymer 304 matrices. 305 phase separation as evidenced from optical and SEM observations. Optical 309 micrographs of films with CRV showed some droplets ( Figure 5 ). The presence of 310 these droplets can be attributed to the hydrophobicity of carvacrol that constitutes an 311 emulsion in the caseinate-glycerol aqueous solution. However, some differences 312 between SC and CC emulsions were observed. These differences could be explained 313 by the relationship between  and -caseins and the aggregation of each protein.
-314
casein is associated in a series of consecutive steps whereas the association of β-315 casein shows detergent-like micellization (Srinivasan et al., 1999). At the protein 316 concentration level used in this work (5 wt%), both SC and CC showed preferential 317 absorption of α-casein to the droplet surfaces. However, it can be observed that 318 droplets in CC-CRV edible films ( Figure 5d ) were slightly larger than droplets in SC-319 CRV edible films (Figure 5b ). These observations may be due to the fact that surface 320 protein loads were higher in calcium caseinate emulsions due to the presence of large 321 aggregates of protein (Srinivasan et al., 1999). 322 such as carvacrol is around 10, the hydroxyl group should be present (Ultee et al.,its hydroxyl proton for another cation, such as positively-charged potassium. Therefore, 364 the exchange of the hydroxyl proton in carvacrol by mono-or dications could be the 365 reason why CC gave more rigid structures. Other authors reported that oleic acid 366 interactions with caseinates were reduced when calcium caseinate was added in 367 sodium caseinate films (Fabra et al., 2010) . 368
It is known that, in general terms, films for packaging require high flexibility at 369 room temperature to avoid unnecessary breaking during processing and use (Martino 370 et al, 2006) . In this sense, it was demonstrated that the formulation of sodium 371 caseinate plasticized with 35 wt% of glycerol and 10 wt% of carvacrol (SC-G35-CRV) 372
showed the most adequate mechanical response for food contact films, with increased 373 flexibility to ensure processing and further use while containing the antimicrobial agent 374 to be used in active packaging formulations. 375
376

Conclusions 377
Transparent and homogeneous edible films based on SC, CC, SC/CRV and 378 CC/CRV plasticized with three different glycerol concentrations were successfully 379 obtained and characterized in terms of their structure, thermal and mechanical 380
properties. CC edible films showed higher thermal stability than SC counterparts, due 381 to the presence of divalent calcium cations promoting cross-linking with protein chains 382 giving a more rigid structure, as it was also proved in tensile testing. The addition of 383 CRV did not influence significantly the thermal stability of CC films. However, thermal 384 stability slightly decreased for SC edible films including CRV. FTIR spectra showed that 385 glycerol is strongly bound to caseinates, in particular when the number of hydroxyl 386 groups increases at high glycerol concentrations. Caseinate-carvacrol interactions 387 could suggest that the resulting materials could have more hydrophobic character than 388 those materials without the active agent. Optical microscopy observations are in close 389 accordance with the hydrophobic character suggested for caseinate-carvacrolSC edible films showed higher flexibility than their CC counterparts. Ductile properties 392 of films improved with the addition of glycerol, but some caution should be necessary to 393 avoid phase separation and the consequent migration of plasticizer to foodstuff. 394 Therefore, it can be concluded that glycerol and carvacrol showed good 395 compatibility with caseinates to form homogeneous films. Among all the tested 396 formulations, the best results were found for materials with carvacrol incorporated at 10 397  Glycerol and carvacrol showed good compatibility with caseinates to form films.
